Introduction
The epididymis is a male genital organ that has a variety of functions, including concentration, maturation, protection, and storage of sperm 1) . Spermatozoa are formed in the testes and become functionally mature during their passage through the epididymal ducts, acquiring motility and a fertilizing capacity via biochemical and physiological changes [1] [2] [3] . The mouse epididymal duct can be divided into five regions-I (initial segment), II, III, IV, and V, according to the morphological properties of the epithelial cells in each region 4) (Fig.  1) . The epididymal epithelium consists mainly of principal cells, clear cells, and basal cells [5] [6] [7] . Functionally, it is known that principal cells contribute to absorption of luminal fluid and secretion of glycoproteins, and clear cells contribute to acidification of the lumen by secreting protons [7] [8] [9] [10] . Although basal cells have been proposed to have potential roles as stem cells and sensor cells for monitoring the luminal environment [11] [12] [13] , their actual functions have not yet been determined.
Cytokeratins (CKs) comprise a large family of cytoskeletal intermediate-filament proteins, and the composition of CKs, with different structural components, varies according to the type or developmental stage of epithelial cells. Thus, CKs are, clinically, used as markers to diagnose epithelial tumors and to monitor the response to treatments. CKs are known to be expressed and localized in epididymal epithelial cells of mice 14, 15) ; however, little is known about the relationship between cytokeratin expression and the histological appearance and differentiation stage of basal cells.
The present study was performed to elucidate the occurrence and localization of CKs in epididymal epithelium during postnatal development of the mouse, and to complement the few previous reports of the morphological differentiation of murine epididymal basal cells 5, [14] [15] [16] .
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Materials and Methods
Animals and tissue preparations
Male C57BL/6 mice, differing in age by 1-week intervals from birth (week 0) to 13 weeks of age, were purchased from Japan SLC (Hamamatsu, Japan). The experiments using laboratory mice were approved by the Committee on Animal Research at Kumamoto University. At least three animals of each age were used. Each epididymis was fixed overnight at 4°C by perfusion with, or immersion in, 4% paraformaldehyde, embedded in paraffin, and 3-to 4-μm-thick sections were prepared.
Immunohistochemistry
Deparaffinized sections were incubated with citrate buffer solution (pH 6.0) and antigenicity was enhanced using an antigen-retrieval protocol in an autoclave (121°C, 1 min). Nonspecific binding was blocked by treating sections with 1% (w/v) bovine serum albumin (BSA) in 10 mM phosphate-buffered saline (PBS; pH 7.4). After blocking, sections were incubated with primary antibodies overnight at 4°C. The primary antibodies employed in this study were rabbit polyclonal antibodies raised against murine CK5 (Covance, Berkeley, CA, USA; 1:1000 dilution in PBS), CK8 (Progen, Heidelberg, Germany; diluted 1:100 in PBS) or CK14 (Covance; 1:1000 dilution in PBS). After washing with PBS, sections were incubated with biotinylated secondary antibodies raised against rabbit Ig (DAKO, Glostrup, Denmark) for 30 min at room temperature. After the sections were rinsed with PBS, they were incubated with Vectastain ABC Kit (Vector Laboratories, Burlingame, CA, USA) reagents, for signal enhancement, according to the manufacturer's instructions, and the reaction was visualized with 0.05% (w/v) 3,3′-diaminobenzidine tetrahydrochloride (DAB) and 0.03% (v/v) H 2 O 2 in 50 mM Tris buffer, pH 7.6 for 1-5 min. Sections were rinsed in tap water, counterstained with hematoxylin, progressively dehydrated, cleared, and mounted. Negative controls were obtained by omission of the primary antibodies.
Double-immunofluorescence labeling
To further examine cells that were positive for CK5, CK8, and/or CK14 immunostaining, the epididymal preparations from three mice were double-labeled. Deparaffinized, rehydrated tissue sections were subjected to antigen retrieval, blocking, and primary antibody incubation as described above. After washing with PBS, tissue sections were incubated with Alexa Fluor ® 568-labeled secondary antibody (Molecular Probes, Eugene, OR, USA) for 30 min at room temperature, and washed again. Double-labeling was achieved by subsequent incubation with anti-p63 polyclonal antibody (Santa Cruz Biotechnology, Santa Cruz, CA, USA; 1:200 dilution in PBS), ZO-1 antibody (Invitrogen, Camarillo, CA, USA; 1:100 dilution in PBS) or GS-IB4 lectin (Vector Laboratories; 40 μg/ml), and then FITC-labeled secondary antibodies against rabbit Ig (Jackson ImmunoResearch, West Grove, PA, USA). After washing, slides were counterstained with Hoechst 33258 (Sigma-Aldrich, St Louis, MO, USA), mounted with a Vectashield (Vector Laboratories), and examined using a BX51 fluorescence microscope (Olympus, Japan). The control specimens were prepared by omission of the primary antibodies.
Results
CK5 and CK14 are markers of epididymal basal cells
In adult mice, CK5 and CK14 were exclusively expressed in the cytoplasm of oval or flat-shaped cells, which are located at the base of the epididymal epithelium, below other epithelial cell types ( Fig. 2A, B) . These CK5-CK14-positive cells were identified as basal cells by colocalization with p63 ( Fig. 2C) , which is a marker of epididymal basal cells in mice 14, 17) and rats 18) . By contrast, CK8 was expressed in all epithelial cells, including principal, clear, and basal cells (data not shown). No positive staining could be detected when primary antibody was omitted (data not shown).
To estimate the number of basal cells positive for CK5 and CK14 in each cross-section, ≥ 100 epididymal tubule cross-sections were assessed in each region. The basal cells were significantly abundant in region I, which is the initial segment of the epididymis (Fig. 3) . In region I, basal cells often showed a long, narrow, cytoplasmic extension that infiltrated between other epithelial cells toward the lumen (Fig. 2D, E) . We designated these cells the flask-shaped basal cells. To determine whether the flask-shaped basal cells can cross the tight-junction barrier, double labeling for GS-IB4 lectin, which is a marker of basal cells 19, 20) , and tight junction protein ZO-1 21) , was performed on mouse epididymis. clearly shows a flask-shaped basal cell extending its body projection to cross the ZO1-labeled tight junction barrier and toward the lumen.
Having determined that CK5 and CK14 are specific markers of basal cells in the mouse epididymis, we then followed the appearance and morphology of these cells during postnatal development in epididymal sections.
Immunolocalization of epididymal basal cells during mouse development
In the epididymis of mice aged 0-1 week, no histological differences could be found between columnar epithelial cells. The first appearance of basal cells, identified by positive labeling for CK5 and CK14, was observed in some columnar cells among immature epithelial cells in the epididymal duct of mice aged 1 week. No CK5 or CK14 immunostaining was observed in the epididymis of newborn mice (Fig. 4A, B) . The reactivity with CK5 and CK14 immunohistochemistry became progressively stronger in some columnar cells throughout the epididymal epithelium in mice aged 2-3 weeks (Fig. 4C) . In mice aged 3 weeks, the reactivity was strong in both dome-shaped and flask-shaped basal cells in regions IV and V, and was moderate in regions I-III. In mice aged ≥ 4 weeks, strong reactivity was observed in basal cells of all epididymal regions (Fig. 4D) . The expression patterns of CK5 and CK14 in epididymal cells at different stages of development and in different anatomical regions are summarized in Table 1 .
Statistical analysis of flask-shaped basal cells
A statistical analysis was performed to determine the number of basal cells with extending projections (flaskshaped basal cells). A projection was defined as a region located above the nuclei of adjacent epithelial cells. Differences in the numbers of flask-shaped cells between the five segments of the developing epididymis were distinguishable in 3-week-old mice. The frequency of the flask-shaped basal cells was higher in region I than in other regions (Fig. 5) .
Discussion
In the present study, we determined the immunolocalization of CK5 and CK14 in epididymal epithelium during postnatal development of the mouse, and identified that CK5 and CK14 were markers of differentiation of epididymal basal cells. These findings are consistent with those of studies carried out using rats 10, 13, 18) . We also demonstrated temporal and spatial differences in CK5 and CK14 expression with age and between regions, which may reflect differences in the functions of basal cells during postnatal development. Similar changes, associated with the development and differentiation of epididymal basal cells, have been observed in our previous studies on the structure of cellular sugar chains 19, 20) .
Our immunohistochemical study revealed that the expression pattern of CK5 and CK14 in the developing epididymis attained adult characteristics around 4 weeks after birth. This observation suggests that functional differentiation (maturation) of basal cells is complete at this stage, which is just before spermatozoa begin to reach the epididymis. A similar phenomenon has been reported in previous studies 6, 20, 22) .
Concerning the origin of epididymal basal cells, it has been proposed that they originate either from extratubular tissue 23) , or from immature columnar epithelial cells 24) . In this study, we found that basal cells positive for CK5 and CK14 first appeared in columnar epithelial cells consisting of immature epididymis, 1 week after birth. Furthermore, no obvious morphological difference was observed between columnar epithelial cells at this stage. Thus, in agreement with Shum and colleagues 18) , we support the idea that basal cells originate from columnar epithelial cells in the immature epididymis. However, in order to determine the origin of basal cells, it is required to identify that such immature epithelial cells have the capacity to differentiate into basal cells.
Interestingly, we found two types of basal cellsdome-shaped and flask-shaped-in mice aged ≥ 3 weeks. We also showed that flask-shaped basal cells extend cytoplasmic projections that cross the tight-junction barrier and reach into the lumen. Shum and colleagues 10, 13) reported that, in rat epididymis, such flask-shaped basal have not yet been identified in mouse epididymis. Furthermore, in accordance with a recent study 15) , we found that many flask-shaped basal cells exist in the proximal region (the initial segment, or region I) of mouse epididymis. By contrast, flask-shaped basal cells in rats were mainly observed in the distal epididymal regions (the distal corpus and proximal cauda) 13) . These discrepancies may result from functional differences between regions of the epididymis in different species.
In conclusion, the results of our study indicate that, in the postnatal development of the mouse epididymis, CK5 and CK14 could be useful markers of the differentiation of epididymal basal cells, which originate from immature columnar epithelial cells 1 week after birth. The basal 
